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ELECTROSTATIC  DUST  PRECIPITATION 
■•'y  Hu.  nr  'iu,  Jiu-  You-r.inn 
{^eHir.r  Lniv.  of  Industry,  Ihyricr;  'roun) 


Foreword 

’’r.der  the  ruid^  nee  of  Ch-  irm;  r.  Hr  o'r  revolution;  ry 
eourre,  our  ’oci’  lirt  erter’^rirer  ; re  r;  ridly  develorinr- 
■■'ov.'ever,  '•‘he  indur1ri.-l  nroprerp  Iro  '•rinre-  up  the  nroh|err 
o'"  hov.  to  tre:  t the  "three  v'-'  rten"  ; rd  protect  The 
ervi ronmer + . 

7 1.  C pit:  ] 1 .'^m  cour.trier,  the  Capit;*lirtr  tot.  1 ly 
i rnore  the  health  of  the  mrrr  people  only  to  m;.ke  er.orrriour 
rrofitr.  '"hey  .'  re  not  concerned  with  the  ir  heinf 
polluted  :.nd  the  v.;  ter  cont;  iin;  ted  . I/'T'-orinf  the  f ct  tl  t 
x.illionr  of  lahor  vorkerr  die  frorr.  prof errion;.!  di:fv;e. 
due  to  tie  pollution,  they  '<■  re  .'-till  en.’oyinr  the  ;i;mTier 
V c.  t=or  ir.  their  reurhore  reports. 

ri,. 

e fore  iher;:  ti  on  , the  Chinese  vorkinp  class  v.:  r under 
oppression,  ur.d  numerous  people  died  from  profession;  1 
dic-rrops  sucl  s the  PI  Iicon-lunr,  etc.  Since  . 1 3 her;.tion , 
the  p;  rty  ; nd  the  people's  rovern.ment  have  been  m'.ch 
concerned  with  the  peonle'.s  he;  1th,  and  much  efforts  h.  ve 
been  made  to  fifht  <.f::  inst  the  "three  wastes"  pollution. 

■'n  these  me,' surer  ^ one  of  the  very  powerful  techniques 
to  eliminate  the  smoke  and  dust  is  to  use  the  method  of 
el  ectrostfitic  dust  precip,«^t;  ti  on  (EDP).  This  advanced  tech- 
nique has  been  extensively  employed  since  it  is  featured 
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1y  . hirh  ’^recipit.ition  efficiency,  lev.  pov.er,  i;nd  a 
wide  r;  r.re  of  ■ nnlicati  one . <”iv:n  ieiov.  i - en  introduction 
of  thin  technique, 

:mor  end  dur-t  in  the  ir 


’ll  of  un  're  f;mi]irr  ■■  i th  the  ri:  o'tc , durt  ; nd  for 
ir.  our  d'  i]y  life,  yet  it  ie  necerr:  ry  for  ur  to  h-  ve  .n 
in-denth  rtudy  to  hno'/  hov,  to  ret  rid  of  ther. 


I 

i 

i 


?rom  nhyricnl  cherr.irtry  Tioir.t  of  vie’.  , ' ny  ryrtem  vsith 
•■olid  diffused  in  r;.;r  ir  c-lled  r-.Tioke : '..hile  with 
liquid  diffured  in  a fir  ir  c;  lied  for.  Iri  rhort,  ar.y 
-iif-^ured  ryrtem  '..ith  ; ur  ; u modiuiT'.  ir  called  fureoue 
rolutior;'.'  lince,  in  rener' 1 , the  air  ir  the  mort  frequently 
rtudied  medium,  it  ir  alrocalled  an  ; ir  rolution.”  .'.hen  a;  r 

\ > I ».  tc  1 1 n 

Mt.ft.,  email  c;  rhon  rarticler  (v.ith  di- m.eter  of  12-5O  / ) 

is  f c * '*1  ^ <1 

Lt. — ti.m  .’i-r  , h<~ve  'i  rrey  or  Muck  rmoke:  ’.  hen  email  dirt 

A 

-crticlee.  or  cement  nowder  (v.ith  diameter  of  ^-"00  u)  diffure 

. • 1 ^ r 

in  the  .ir,  we  have. duet,  fhe  mixture  of ^rmall  .vanor 
n.-'.rticler  (with  diameter  of  0.?5  u)  wri — rr  r ir  called  for. 

"'he  rpecific  rr?  vities  of  all  there  e.olid  or  liquid 
ruhrtance  :.re  heavier  th;  n that  of  the  air.  However,  rince 
there  email  p.  rticler  c.an  ahrorh  ; lot  of  air  moleculer, 
their  rtructuro  becorries  very  porous,  and  the  measured 
der.ritier  are  much  smaller  than  their  ; ctuol  intrinsic 
valuer.  For  this  re;  son,  these  p.’.rticles  can  float  in  the 
air  and  do  not  precipitate.  The  down  fall  velocities  of 
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th  ■:  ri  rT  icier  c-  n he  ■■  n;  ly/-ed  hy  ritoke'  X v- . .he 

■^ric+ ion( '-epi  rt.  nee)  "eheric;  1 n.rticle  movinr  in.  - 

hi  i;i  h , 1 iquid  or  -■  -r)  with  velocity  u ir  riven  Vy 


r . -/• 

friction 


- C.  V h r u- 


1 


■'..here  ''  i.  the  friction  coefficiert,  ^ the  fluid',  vii  cority 
irdrthe  r-'rticle'r  r diur.  he  friction  exnerienced  hy  •• 
n:  rticle  dronpinr  freely  in  the  . ir  ir  nothing  hut  the 
huoy.  r.cy  force  exerted  hy  the  fluid, 
i r;ce 


in 


hy  ecu.-tinr  'oe  ohtui 

Snrjrii  = — p,)g, 

u = 

“ 97  ■ • 

From  thir,  we  nee  th;  t ■ r r hecomer  rmuller  ; nd  P .noi'O  -chinp- 

•» 

p , the  f'llinp'  npeed  u hecomer  very  sm:  J 1 . ir.  addition, 
due  to  the  rundom  colli  nionr  ol'  : ir  moleculer.  in  ; rov.ri 

. CL  i *■ 

moti on  , ^turhulunce  , denrity  di.  trihution  vn  heifht,  .-.nd  the 
electror  t'  tic  force  (which  will  he  dircueved  Inter)  , the 
reou:  ryrtem  re'  cher  n dyn..mic  i.i  14't.y  '^■.nd  no  precipit;  - 


tion  c' n he  eerily  achieved. 


w4  • ( • b^  < u 


cIm  < '♦o  fl>‘  ‘••'r'  rWtt't'W 

■rom  r electront'  tic  point  of  view,  ^the  durt  pcrticler,  Ccll.iie 

v-ith  the  eir 


■*  f not  defined  in  the  orifin;,! 
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I ' 

il 


- -4 


f,  n (|  C C 1>I  •'  '] 

rr.olPC’iler  — »».*  a.  i (*<  . due  to  the  r;..di.-  tion  of 

A 

r-dio.  ctive  m.teri^l.-,  y i'  y'’i  ul  tr;. -violet  ■ rd  cosmic 
r ;-^,  the  .-r  c;  n eino  become  ionii;ed.  .'ll  the  liquid  end 
eolid  n.'rticleu  formed  . round  :-n  ion  ere  ch.  rq-ed.  lerticlcr 
of  th,e  e,  mo  kind  c .,rry  the  oeme  tyne  o'f'  churren,  -nd  t.hey 
r'  Pel  e.'  ch  other,  r-ec-  uue  of  thir,  the  ;-mof"  or  duet 
p.  rticlo"  do  not  orecinit.'  te . i-.oreover,  the  ch  ryed 
d;  rticle.'-.  t lower  ultitude  tend  to  keep  the  ch..rfod 
n-  rticle;-  ;t  u higher  o.ltitude  from  f;  llinr'),^'’.'”'":c;  u;  e of  the 

Xr»  C V I * 

electroututic  force, he  density  di;  tr-lrutior.  of  th> 

ch-  rfed  n-rti clep  reruit;  in  'n  unv.;.r-d  field,  -hich 

nreventr-  the  ch-'rred  particle:-  f ron:  f'.llir-  do  ii.  . . r-.  - 

■ mount  of  dui^t  or  ;-nor  in  the  : ir  v.ill  cro  .ie  ■►.-r.b-a 

he-''l1h  h:'/;,.rd,-,  ^ nd  c.  u:  e ill  effect"  or  cron;'.  t vill  ■■  1:  o 

rive  d;  m:  pinr  im;'n'.ct.'-  on  mete^olo^-y  c-r'd  vi  ■ . tior. 

nollution  i;  ' rte  of  the  indi:'  try.  ’’or  rome  p>WftKct.yx-,  p.:a<?->sc> 

it  ir  ■ necerr-i ty  to  h-ve^^'or  t precip ■ ■ • t cd . "or  met;  rice, 

■- n the  r;  f:  production  ■ lot  of  t.  r exift  ir.  the  .■..■.vhich 
will  eventually  dor  the  nine  liner-  r.nd  rt;.m  te  the 
machine::  if  they  . re  not  remioved.  I-lro  in  the  production  of 
nov.'der  m;  teri  1.  ;;uch  f:o  Cti-ne  rup-ar,  utarch  apfj  nulfur, 
com:bu::ti on^  and  even  exnlorion  c.^n  >e  tri  -fered  due  to  the 
.'tronr  reaction  of  the  mull  p;rticler  with  the  oxyren  in 
the  air,  bec.  ure  the  p;.rticle-o  have  lerre  intrinsic 
chenic:  3 ener.^-y  arid  !■' rpe  contact  surface  for  reaction. 

ctories  : nd  w- rehoune:-  of  these  materi:ls  should  bIso 
have  dust  precinit;  ion  facilities.  Ar:  for  those  factories 
involved  v'ith  toxic  p'lr.er  (such  as  orp^,  nic  r-olvent 

t**" e < • 1a. <1  to  rlit 

ber‘/ene,  cetone,  etc)  and  those  that  ^poisonous 
subrtrince  (such  a-  mercury,  ler.d,  ar.senic  beri3  1ium,  etc.) 


h 


measurer  should 


v.ith  the  v.orker'r  health  beinr; 
he  taken  to  eliminate  the  smoke,  dust  and  for  of  there 
material r . 

There  're  many  ways  to  filter  out  these  particles, 
such  as  urinp  water  r.pray,  activated  carbons,  bubble 
m.aterials,  blankets  and  paner  puIps,  etc.  The  pi-.rticles 
car  also  be  senarated  by  certrifsK-  1 m.ethod , however,  these 
techniques  ' re  limited  l;y  the  types  of  rmor  and  the  -ize 
of  the  particles,  ""he  EDf  technique,  or-  the  other  hand,  c n 
V.e  used  to  collect  r 11  kinds  of  dust  ar.d  rmor  p;  rticles 
with  radii  rr  n,rinr  from  C.l  y.  to  100  } , ,.nd  ; density 
ranrinp-  from  0.5  .rm/m'  to  5®  iTti/nr’.  ."’hir  technique  is  more 
dvar.ced : and  the  operation  is  simpler.  A filtering' 
efficiency  of  99.9  ^ can  be  achieved.  ‘ combination  of 
this  iDj  technique  and  other  schemes  v.ould  rive  . even 
hifher  efficiency. 

IT.  Prirciples  of  ZDI' 

1 . ChP.rfe  interaction 

Tt  has  been  experimentally  shown  that  there  is.  an 
interaction  force  between  two  charfes.  Ch:  rpes  of  the 
like  repel  each  other;  while  the  opposite  charper  attract. 
For  two  point  charp-es,  the  force  is  proportional  to  the 
product  of  the  charp-es,  and  inversely  proportional  to  the 
square  of  the  distance.  IViJihematically  it  is  piven  by 

F=  "hlL 

2 


5 


From  thin  we  nee  thr  t the  1’  yrer  the  oroduct  of  the  ch-  rf'er 
■ nd  f-m;  ller  the  dirt,  nee,  the  r.tronper  the  force  Vecomer. 
f'hen  n.'-rticle  carrier  u net  cherfe  (imequ.  ] ..mount  of 
nori  tive  and  nep’.'  tive  ch  .rfer;  it  ir  chi  rped^  Due 

to  the  ch  rfe  inter'  ction,  charred  narticler  ;J.ro  exert 
forcer  on  e:  ch  other. 

. 'ffectr  of  " field  on  ch' rj'^e 


'round  •'  ch-  r^ed  nurticle,  there  exirts  un  electric 
field,  . nd  the  inter;. ction  between  ch;  rf^ed  n;  rticles  is 
re;.li’a.ed  throurh  the  electric  fields,  '^he  force  exnerienced 
by  ; charred  n' rticle  in  an  .1  field  ir  nronorti  onal  to 
the  field  rtrer.fth,  ii,  ;.nd  the  ch;  rf  e , n,  it  cr'rier,  i.e. 


r 


therefore,  to  inci'e;  re  the  force  on  chiirred  particle,  two 
aTvoro:  Che:-;  are  usually  em.nloyed;  i.e.  either  to  increase 
the  2 field,  or  the'^ch-rpe  on  the  narticle. 

d 'h  0 ij,,  t ^ ^ 

. i'.'otion  of  charf^ed  narticle  in  a uniformi  2 field 


.^n  electric  field  of  constant  rtrenrth  everywhere  is 
c:  lied  a uniform  field,  '^or  example,  a.s  shown  in  Fif.  1, 
the  F field  inside  two  narallel  nlates  which  are  onpositely 
charged  can  be  viewed  nS#  a uniformi  fiild.  The  direction  of 
the  field  is  indicated  by  the  arrows,  directinp;  from  the 
positive  plate  to  the  nefiative  plate  . The  direction  of  the 
force  actinr  on  a positive  charp;e  is  in  the  same  direction 
as  the  field;  v/hile  that  for  a nefa.tive  charge  is  reverse. 

The  field  s.trenpth  is  proportional  to  the  applied  voltage, 
but  inversely  proportion;:!  to  the  rsepa.ration  ct  tht  (-(« Jrrdti  Ji 


^ I L/  ' f c i i j,;  U ^ 1 |,'  i ^ ^ ^ S 


)ivr  th:  force-  on  ' charged  Oc.rticle  ie.  fiven  Vy 

\ f\^\‘l  (T'l-  ^ . 

"f  the  m;  '-rr  of  the  ch;  rfed  oerticle  ie  rr:,  the  p.cceler^.tior. 


i r 


rv^ 


1^1 


1^- 

►'I  L 


v hich  i rrooortjor.-  1 to  the  ch-  rre  • r.d  volt;  hut  inverRely 
nrorortior  .-  1 to  the  Rerrr-tior  o^  the  pi  tes. 

h.  otior  of  ; ch^.rred  particle  in  ; non-uniform  H field 


s 


[ 


i-  «■ 


In  ■■  I orKir.i form  field  the  ptrenpth  o:  the  field  v;iries 
from  point  to  point.  It  could  have  ;.ny  di  ctribution,  A 
frequently  ericounteru'd  nornmiform  field  is  the  one  that  is 
produced  by  ■ lonr  #1  re  and  coaxit  1 cylinder  oppositely 
charred,  "!ho'..'n  in  Fir.  2;*  is  the  field  frequently  used 
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— - -y- 


■.A 


coridi  t.i  oi;-- , the  ru  tur*  1 ,i  oni  • : . ti  or. 
r.  \ ■ , corrr.jc  r-  yr , -.nri  };i,- h teir-nor 


^ ^ f rorr,  der:u^  te  to  do  the  jot  . i. ov.ee  r 
e ’‘-’■O'.’.  t.>-.  t tror.r  ■■  ‘'leld  c;  r induce  u - direr.'  me, 
rich  lot  o'^  eh-  rrer  -r^  .f^ener;  ted.  tie  charm"  no  rr'Od 
r^-  in  ed  to  m.  ke  the  i-rr.oke  ' r.d  du.-'t  n.  rticler  ch.'.rred  tv 


' orm;  lly  ir  not  conducting  medium,  r.ince  n.ort 

of  the  : molecule;!  are  neutr-  1 n.  rticler.  l.ov.ever  '>  he:.  the 
r comer  ionized  ty  r-ome  arent  ■ , it  beyinr.  to  conduct. 

'n  r-  llel  v.-ith  the  nroc;  S"  of  ion.'zrtior,  there  ir  .'.l.-o 

ch'  rre  r-  com!  in;  tion  t-'kiny  nlace  :t  the  ru  me  time,  'h^  -e 
t'  0 nroev  rre;  r^''  ct  dyn;  m.ic  equi  1 i tri uir ; th;  t ir,  the 
number  of  n;  rticler  heir./''  ionized  ir  equ;  1 to  th.  t recom'  inc. 
' ro  eytern.'  l volt.. ye  ir  ; nnlied  there  v ill  ]>e  no  net 
current  flov.in,'.  rovever  v hen  .'.n  electric  field  i.e  .'rmlied, 
the  ooritive  ions  '.;ill  move  toward  the  neyative  nlr  te  ; nd 
the  neretive  ions  ( the  molecules  tt;;ched  with  electrons) 
will  move  to',  . rd  the  noritive  plate*  A current  ir.  therefore 
flo'.viny  ■■  nd  a yas  dircharye  established.  The  relation:  hip 
betv.een  the  dircharye  current  <xnd  the  anplied  volta^-e  ir 
rhovn  in  Fiy,  4.  When  the  voltaye  is.  sm;  11  , the  electrons  and 


Coaoat;. 


+K  < 

— ^ ■ 0:  !'  rrovf-  v~r.v  rsd  or]v  ch;  r.-  I'ticI-  r: 

h t ^ « f < * r 

c r rr-'  ch  the  plecti’Oder  r<  t recon - i r • . 

At  -^hip  ;~t;  re  tl'^e  ci.rrent  i v>-vy  : p v.e  iricre;..- 

the  vo]t:..'P,  th.p  velociti'-.:  ot"  th-  .;]ectror:-  • r,d  .1  on.- 

t-epOTc  1 rr:  r,  ■ rd  rore  of  then;  c-  n re.  ch  the  rurfi*cc  of 

the  electroder.  Ir.  thir  c;  re  the  reco.T.I  i r,.  tion  n.te 

decro;  per  . nd  the  current  cor-rernondinfly  incre^-re:- . '^hir 

ir  indie;  tr-d  hv  the  CA  oortion  the  curve. in  Fir- 

ef  ^ 

t f V fc  continue  to  incre.-re  the  volturt  m;  k inp’  the  - 
field  ruff i cier.tly  ].  rre,  .'11  the  electronr  ..nd  i onr  '.  ill 
'e  •. eerier;  ted  to  the  electrodee.  r^ov.'ever , ufter  ^ cert;  ir 
’^oint  farther  ir.cre;re  of  volt;rP  doer  not  dr;..w  r.ore 
current.  ""M  conet;  nt  current  ie  cnlled  F-.'-turt  tion 
c rr  'rt,  ' hich  ir  determiried  by  the  tot."  ] number  of  r^  < 
el‘-''Cifc' onr  ; nd  iorr  ' v;  i 1.  b]  e rener;  ted  by  the  ionisation 
:rpr.tp,  r rd  it  i 'r  indenendert  of  the  :nnlied  volt;  re. 

'^hia  i ;•  rpnrprer.ted  by  the  AP  portion  on  the  curve. 

T'^  V.P  keen  on  increarinr  the  volt^pe,  the  kinetic 
er  erry  of  the  ch;  rped  n;  rt icier  ir  further  enh;.ncedd 
her.  the  p;  rticler  h;.ve  ^''-ined  enouyh  enerry,  they  can 
ionise  t}ie  neutr;  1 molecule?  by  collirionr.  "^he  nev.  ionr 
’■'.ill  then  be  ; cceler;  ted  by  the  field,  ;;nd  v.ill 

iori/e  other  moleculer.  Thur  the  ru.mber  of  ion?  quickly 
multini/,  and  the  current  rapidly  roe<*  up.  This  corrernondr 
to  the  rc  portion  of  the  curve,  fhip  nrocerr  ir  called 
collirion  ionis;  tion.  "t  thin  point  the  dincharre  c;-n  be 
mr  i rt.pi  ned  by  itrelf  oveti  v.ithout  external  ionization  ufentr. 
'^hir  kind  of  dircharpe  i.r  called  .rel f -rurtained  dirch;  rre. 
Coritrf  .rt  to  this  ir;  the  r on-rel  f-.'-uptai  ned  dipcharre. 


12 


) 


I 


cl  IlijOLluXjr 


O' 


1 


( 


1.. 


1'  *^' ' f c 1 ""  * ■ <>  I A 


(.0.1.  I^u  o 


.'  4-  u < . 


^ . V \A 
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■I  c-  - : : ='!  th'  t th  v:  ; ’ t ' Or.  of  ■ -rr  - 1.1  froii  t 

ti-r:  tior  T'^'or  to  th(-  coll':;  or.  ior.  ■.  tion  1;  v . r;,-  I'  ip. 


r r.or -ui  i f orr.  ri-  ld,  ho\.ev(r’,  t;.-:  rro  < . . of  r 
i:cl  r.  i.-  quite  di^'f^r-nt.  !'he  Vr'e  K do.vi'  nr ::;:Orr':'t.' 

.- • " e]  c in  more  f^r:  du=  1 f:  ■-hion.  Cci  .'  i ■ . town  :r. 
’ - . 'C  ^ . 


/ 

< 


"i  ; r or.-uriform  fir-lri  : v e r-  ire  the  '(/olt  r-  the 


] i or.i  / : 1 1 or 

V.  i 1 1 fir.-'t  t: 

V.c-  nl. 

=.ce 

ir.  th.  v’cir  'ty  of  the 

.-  1 »-ctr  O '-  : 

, here  the  i 

field 

ir; 

moet  int-n.'  e.  ■Vhei.  the 

] vol  t.  ' ■ 

'’urtl'cr  incr'- 

; f>d  , 

th. 

r:  r round  tl;e  rurf;  ce  of 

0* 


1 


out- 


■ti.o  plectrorer-  i 1 1 he  ran  to  V ri?.-  k do-.r.;  v.hil^  the  r-: 

ride  the  I'  i'-r  rurf..ce;-  : o Ire.  k do'  n 2/et  : ir'ce  the  S 

field  dec.'.y;-  v<=ry  f,  r1.  vith  the  dirt;. nee  v.=  y from  the 

electrode;'.  :}-;Ur  r.o  collirion  ior.lzeti  on 

t.  he--  nl.  ce  further  out.  Tr.  the  ^.re;  kdov.r  refior-,  the 

'lectroi.r  ; r.  ; molecule  ;.rv>  hejr.F  excited  to  the 

h.i.'~hj'^r  vrerry  t .ter  t'rom  the  low  energy  levelr.  Ar  they 

.'umr  down  to  the  rt.  Me  lov  er.erry  rtuter  fiom  the 

unr.t.-hle  hi  eh  enerj'y  rt:  ter , the  energy/'  ir  releared  in  the 

form  of  lie-ht.  "herefore  in  the  vicinity  of  the 

electroder  ; riny  of  lirht  c.  n be  obrerved.  In  the  me;.r»  while, 

he:  t ir  beinr  rerer’et-d,  which  rerultr  in  10''"1  r;.r 
s ^ 

ext):  r.ri  or  , c'  u ‘ r.p  »irrinr.  vih;r;.tion  r.nd  r.oires.  '"h.ir 

A 

’^h.eromerK;  ir  c;  lied  corona  dirchrrre,  •■.r.d  the  refion  ir 
culled  coror.c  rerion.  .In  the  cylindrical  cua'e,  <; 

.":he:  th.  of  corona  •.vill  form  ;..round  the  center  electeode,  c;  urinp 

h 

r'Ome  »i:-rinr  and  minor  arcinr.  It  ir  thin  nlarm;.  irc-f'ion 
that  provider  a charge  rourco  for  the  durt  and  rmoke 
pr  rticler  to  become  ch<.rfred.  therefore,  coron;;  di;  ch..arf'e  ir 
a ;'ifnifica.nt  part  of  the  ilDl  procera. 

To  achieve  a better  precioi taiti  on , it  ir  errenti;  1 to 
P'enerate  a lot  of  charfer  in  the  corona  repion.  '’ru£ll;v , 
in  non-uniform  field,  only  one  of  the  tv.o  electroder 
will  be  rurrounded  by  a corona  rheath.  In  a cylindrica.l 
field  the  coron;  occurr  at  the  center  conductor.  If  the 
electrode  ir  positively  birred,  it  will  be  a poritive 
corona,  Converrely  it  ir  n negative  corona.  The  hipher  the 
volt. ape  we  apply^the  larper  the  corona  repion  v/e  can  pet. 

Coron;  dircharpe  can  only  be  penerated  when  the  voltape 


14 


►i  T 


.0,. 

VO-t 


"O 


1 


J." 


o . i ’ . ' o;  ! 01  ’ -tio;  . _ i ' 

i 1 1 C ; ' ‘ ^ C I V O ' ‘ , • i ' r'h  ! 

; y t>  - ■ th  = ^ i ; 0>'^  : , , t=  :i:p.  r tur' 

, h ''f. ' d ■ ‘ 1;c.  roro;  • ’ ' ‘ r o,  li,, 

orl  . h-'5S.n;-  c ! r ■ ■ r.o  oVv'  o . 

, 1 . ,r  ” ’ ' mor-  v.- ' ■ ■ . • hi.  r t h*  co roK- 

: rtroi’  ■ : ti\  - ...  >■  , •].  . oro:  ■ - loud  = 

ryl  i r dr’  c’  1 ' r ; h-  ” hO'  ; ’ : ' ’ . , , ’ t;  ? col  O; 

: ' , -yio]'  . ’her  th.  coror'  1 ctrod  i;  r>o  itivi-ly  hii.'^ 


»•  C CJ  At'  V< 
CcJIT  0*'  A. 


^ r / < 

Cu*  c ^ ^ 


r-.  M 


Ct'6'iA 

• . . . -too- h h 


1 h'  coror'.  cl  o-d  ■ ■ 

clo-'p  to  violet.  n 0’->  r-  t ’ , ol 

tt;  ched  onto  tt.  di.  t rt’C'-  *■  ' ' 
to  J’.nd  coll  cti-d  h.v  th  onno  ir*‘  ' *- 
field.  ( i.  A V ij  (<  J 


A 


(XS  ihu  — r.^  F.  o\ 
’0:0' 


»r 


r t' 


> » • 


c+ ' or 


' r incre.  re  of  vol  t'  -e  v i ] i r • t c . oror  r ioi 
if  ir,  p • pyj  rirod’jce  nnor.'  ch;  ri  . ■• . i.rth.er  incre  of  vol 
t.  ce,  ho’.  ev'  r,  will  irdoce  ftp.  i-k.  he  ..  n the  , lecteod'c- 
rer-ultir.c  in  .'t-  nh  dirch^rfe.  'ire.;  the  inet.nt  neour 
rk  current  i"  xtremely  l-rrc.  the  voltcpe  will 
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The  onei  circuit 


the  r:  p urd  the  dirch;  rpe  extinpui : hc" . 
v.il]  it;  ke  the  volt;p-e  j O up  ; ? in  : nd  the  nrocecr  of 
pT.r-.rk  i nr  n- y reneet.  'hue  the  r-p;  rk  dirch'  rfe  ir  lot  n 
coiitinuoun  procerr,  hut  r:  thcr  intnrrr.i  ttenly . For  thin 
re.'  -or  , jt  ie  .'il.'o  colled  fl'  ch  di '-.ch:- r/'e . 

Wher.  the  f;.p  dipt.-ince  between  the  electrodes  ir  very 
cm. ill  i.r.d  the  the  power  of  the  line  source  or  the  dis- 
chr  rpe  c;  pecitor  is  Inrpe  enouph  to  enuse  ion  tomburmer.t 
on  the  coron;.;  electrode,  secoi’.dnry  electron  emission  from 
the  incsridescent  electrode  will  be  rei:'ulted.  I o\.'  the 
collision  ionizrtion  in  the  pas  is  primarily  caused  by  the 
thermal  electrons  • nd  not  simnly  by  the  ions.  This  makes 
the  current  po  up  many  times  and  ;:n  arc  discha.rpe  is 

Flashes  and  arc  discherpes  are  the  two  Phenomena  th.at 

^ < r"  4 t . fv* 

re  likely  to  occur  in  the  ZDl-^and  must  be  eli min.'^ted . 

"he  t'/ 0 non-uniform  fields  previously  described  : re 
commonly  used  for  filterir.p  in  aDP,  '^he  volt.-:pe  is 
m;  intrined  in  the  rt  npe  of  corona  disch.'.rpe.  Tometim.es  it 
is  kept  ,iust  belov.'  the  voltape  of  spark  discha  rpe  to  pive 
enouph  ch.:  rres  for  attachm.ent  and  yet  prevent  a com.plete 

f < C 

breakdov  n happen'^Mhis  is  called  flr.sh  operation. 

In  peneral  a nep;  tive  coron  . provides  a better  pre- 
cipitation effects  than  a positive  corona;  mainly  due  to 
the  followinp  three  reasons i 

1,  In  a nepative  corona,  as  the  positive  ions  ii''0''''e  toward 
the  coron.s  electrode,  they  not  only  ionize  the  pas  but 
also  bom.bard  the  corona  electrode  and  liberate  a lot  of 
electrons.  7n  the  ca.se  of  positive  coron  , however,  the 


coror.r  electrode  doer  not  e^^it  electror.r.  ?hur;  for  the 
me  volt.'T^e,  e nef^.'.tlve  coronr  *^ives-  tetter  rerultr. 

K.  /•  nef'itive  ior.  movec  f;irter  than  a noritive  ior, 

if 

in  the  rrrr.e  .1  field  . ihur  in  a ne^'ative  corona,  the 
lierative  ionr  move  to  the  noritive  plate  and  precipit.-te 
farter,  ;nd  ioni'/e  the  ^ more  efficiently.  For  ey..mplr, 
iTi  an  ii  field  of  1 v/cm,  the  velocity  of  the  nep;  tive  ion 
ir  ?.!  cm./rec,  v.hile  for  the  noritive  ion  it  ir  1 .i;  cmi/rec. 

f.  The  initial  volt.'.re  for  a ner<-tive  coron.  ir  lov.er 
th-  n that  for  a noritive  coror.;  . 1 he  1 reahdown  voltrfe  for 
the  ner-  tive  corona,  hov/ever,  ir  hirher.  I'hereforee  ; 

I rrer  ranre  of  v.orhinr  voltnpe  ir  .avail;  hie  for  a nepative 
coron.-  , and  it  c.an  be  run  .t  a hipher  voitape  to  ..chieve 
better  coron:.  effectr, 

Tr.  order  to  m.f.he  the  rm  *ller  durt  p;irticler  (—  IP/ 

c-' rry  ,mori_-  charpe.s,  it  ir  necerr:  ry  to  have  - hifher 

charpe  denrity  and  a larper  ch..rpe  m;ohility.  .hir  m,..ke. 

it  derirable  to  have  a corona  current  :.r  larpe  <-p 

no.asible.  For  the  larfer  dunt  p;rticle.r  ( ^ 10  /.)  the  ch:  rpe 

to  mar.r  r.atio  ir  smaller,  since  the  rurf.ace  to  mars  ratio 

ir  rna.ller.  Tn  order  to  h;  ve  more  f orcein ''1;hese  nai'ticler, 

e- 

we  h' ve  to  raise  the  field  rtrenpth.  it;  aumm.ary,  the  velocity 
of  the  durt  p:.rticle  is  proportional  to  the  charpe  it 
carries  ?^nd  the  external  field  rtrenpth,  iut  inversely 
pro- crtional  to  the  mars. 

IV.  eneration  of  hiph  DC  volt.-ife 

■^'here  are  m.any  ways  to  penen  te  hiph  electrostatic 


. 0 cle.  r exrlarution  on  the  difference  of  mobility  ir  piven^ 

,n  f k ( c IT * I , _ 

' 1 n 


i 


I 


j 

I 

t 

■< 


1 


vol*-rr.  For  ii.;’t:rcp,  • ■ ■ c;  ur:o  inductior  r>::r  f^r'  +or , 

I i or  coil.  !-rr;  11  V;.r.  “"r.'  : rrrchir.c,  etc.  Fo'.ever, 

+ Fr  r-o'.' or  'O  rof.orr  trr’  ir  very  1 1 . "or  rrn<'r.  l rurpo''f.‘.- , 
c:  r:  ;n.  k«  w.-o  of  :T‘  or-cill.-tion  to  inducr  hirf-  frenuorcy 
hiyh  vojt'.'p,  • nd  the:;  rcti^y  the  output  Vy  ■ (•’oul  1 ■■  r ■to 
r;  i’,  DC  hioh  volt-  ;-p. . "or  hifh  po'-'^r  ■ nolic-'  tiorr,  ho-'.--^V‘- r , 
hirh  volt;  r-?  rierive';  f rorr  city  rource  thro-t;*  h hi.?h  volt;  "c 
? t' p-up  ti’-  p.i'f ormorv  , The  rectified  outrut  i r ured  to 

rinul.’te  the  r lectrort  ;tic  hirh  volt',-;-.  Fecti  fic -tion 
Ci-n  he  • chic-ved  by  urinr  mechrric.  1 rectifier:  , h.V. 

lA  V.  ^ 

rectifio-r  tube;  end  ii  V.  Ci  rectifier;-,  .■.:r,oi.f'  the::  , ^^th< 
i:.V.  . v;  lencho  ..■i  rectifier  i more  .dv.nced.  dcful  tion  ir 
;iCcomrl i . bed  ly  uuin^  refuL  tion  tr- nrf ox-mere  , m /netic 

. r.nl  i f i K.-r;- , ■ nd  th'"*  ro.-,t  up-d.;.ter:  yC;-'';  . 

Jomc:  time  - ro,  due  to  noceru-ity,  ve  orked  vith  the- 
techr.iciunn  ir  rekinf'r  Cecond  Cener'  1 iV;chir.(  to 
Todlfy  five  yurked  nrech.vnic^il  rectifier.-  irto  : atom;. tic 
Ff?.  recti  fic:'ti  on  deviccr,  vhich  h;  ve  multinurnoro  protection 
chennelr  . rd  ere  :Me  to  nutom;  tic:  lly  tr:  ck  the  fl;-;ch 
volt.-’re.  Durinf-  one  yeer/"  continuour  production  oper  tion, 
they  Perform  very  v.ell. 

In  thir  modif  ici.  ti  on  project,  we  rtrictly  follow  the 
priticiple  of  rel f-rupport*  more  rep.-ir  und  m.kinf  u;-e  of 
vurnluu  and  Junk.  ..e  utilised  the  orifir.i  1 l8  kv.l,  72  kv, 

•t,«f  ^0 1'lvvcr 

r-OO  rti.‘.  II.  V,^^.Xmer)^  ano  mui'ified  the  repul'  tor  into  re.-.ctor i 1 ) . 
'.ie  ured  the  old  control  shafts,  meter:-,  components , and  only 
one  extr:  pair  of  CCR  for  anti -parallel  AC  re^-ulationj 
v.e  used  2h  h.V.  'i  rectifier;--  to  achieve  the  bridpe 
rectification.  V/e  also  modified  a safety  Xmer  into  ; 
control  Xmerj  a linear  Xmer  into  ; pulre  Xmer.  Furthermore, 
we  used  thirty  some  crystal  tuber  to  do.'^-ifn  an  automatic 

<j  0 «U 

control  circuit.  This  has  accomplished  the  ^ of 

r:utom.-  tic  control  and  self  protecti  on . '"he  system  includes 
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the  fo]]o'-irT  rh^rr:!  -: 


!.  Curror.t  ;-t-- 1 i 1 ; ■■  nd  rurrcjnt  limitor 


In  th‘-  ''O-  oner-  lion,  it  the  current  c.nd  .t.- 

indf^nendert  of  the  v -ri:.tion  of  the  £ field.  It  - Ivo 


keen;-  the  current  under  f>-iven  vnlue. 


?.  Cvercurrent  protection  --ind  delryed  circuit  brenkor 


iiher.  comethinf  v.rorif  huppe^r  p in  the  field  (e.'"  . 
lenkr.fe  due  to  crackr  in  the  ri.V  mripnetic  bottl'^:  ihort- 
circuit  of  the  corona  electrode),  which  rerultr-  r curren.t 
rurpe,  the  ryrtem  can  automatically  lower  the  volt-fe  to 
block  the  "CR'c.  If  the  fault  is  not  removed  v-ithin  k recr. 
the  del-' yed  circuit  bre-'  ker  will  trip  to  prever  t the  "Cr  '. 
fnd  ]{  V.  ''i  recti  fi  err  from  beinp-  damaf^ed. 


Cver-volt:  .-'6  and  onen  circuit  protectior. 


V/hen  the  vo]  t;  pe  suddenly  fOes  up  due  to  ; ri  oner.  c*rfK.t 
of  the  £ field  or  other  rea:  ons^%  ill  ■ ctiv.  te 
the  nonst:  ble  nrotection  device  to  lower  the  volt-  fe  and 

K 

then  cut  off  the  power  supply. 

4.  Flash  or  -•  rc  protection  channel 

■/hen  .rpr  rk  disch-  rfer-  take  place,  the  mon?-table 
activator  will,  accordinf  to  the  mcfnitude  : nd  frequency 
cf  the  snr.rks,  lower  the  volt::fe  to  quench  the  spfrks. 


■ fter  th:t,the  volt' re  ir  nlov.li'  Vr  y,=  ht  un  if*-  if 
.-•''rioui-  r-.D.  rkir.r  oereir-t',  the  ori;-t'  :.le  device  will  force 
the  vo’ti  f'e  to  drop  to  ^ero  ;.nd  Mock  the  dC.  ' . ur.til  the 
rcir.f  if  over. 

5.  Auto.'iu  tic  flffh  volt;  re  tr-ckir.r  ch;..nnel 

ro  incre.'ife  th*^  precipitMon  efficiency,  m ximum  ion 
denrity  . r.d  field  rtrenrth  : re  needed.  Thur  it  if  required 
to  op<  r;  te  the  filter  ;-.t  hiri‘V^°i't"re  but  not  too  hirh 
to  h-”ve  rn  frc  over  ur.d  rhort  circuit.  Tor  thin  re;  "-on, 
the  oner*  tior.  noint  har  to  be  rutometicrLlly  adyurted  to 
nrovide  • critic-'  l volt.nfe  clone  to  but  not  e’.  ove  the 
nr:  rk  volt're.  r.o  that  m-. ximum  durt  preci  ri  t;  ti  on  efficiency 
; r.d  f-'  fety  c.'>;  be  . chiovod. 

'.  'o-et  ft::rtinr  ;if.d  I raki  nr  devicen 

.0  ennnre  the  f;  fety  and  convenience  of  productior;,  we 
employ  the  ^o^t  et;.rtinr  ' nd  brnkinr  devicen.  Lnce  we  pu.nh 
the  noft  ut^-rtinr  buttor.,  c;  p:;citor  ir  r-i-fH-  charred  up 
;o  th-.t  the  volture  Cl'U  rlowly  ^ 0 up  to  the  riven  level. 

.jimi  If.rly , to  t;hu^-off  the  machine,  we  rimply  purh  another 
bu+ton  to  have  the  voltf’re  flowly  drop  to  zero  and  theri 
■lUtom-iti cMly  rhut  off^ 

To  meet  the  requirement?  of  inductive  loudinr  in  the 
oreration  and  the  waveform  symmetry  iri  the  rer.ulation 
nrocesB,  v.e  ure  ofcill  tion  inrut,  rlore  rhnce  rhift, 
pul.-'c  controlled  trirrer  circuitry  to  m.-ke  cure  that  the 
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. 5-  . Iro  '..or' ^(1  . ith  the  technicif,nn  of  rol?  ted  f^ctorier 
to  produce  the  -I'.AO  l:v  :CR  i.-utom;atic  ii.V.  rectifier 

device,  v.hich  i r,  beirif:  ured  in  the  Def^onf  oil  field 

to  .chieve  better  rerultr  on  the  r^utomizr.ti on  of  pe  + roleuir 
dehydr.  tior  project.  The  device  nov;  ir  under  maer  production, 

. v.ther  :pplicrtionr  of  the  RDl  principle 

'urrer.tly  the  fD?  technique  c^n  be  .■-pplied  to  the 
folloV'  ltr  re.'  r ; •' ir  puri f i c;  t!  on  for  nuditoriurr;'- , cor.ferer.ee 
roorr:.- , reridei-cr,  po'.vder  ir.r.nuf;.ctorier , rhipbo;.  rd  enrine 
roo.T'  . preciloi  rhopr,  1:  br , clecn  roo.Tir , etc.  Mro  it  cun 
be  u.  ■ for  pollution  control:  ruch  u;-  treutinp  the  toxic 
;■  . , : uto  exh.'  u'-t;:,  cemer't  dunt,  .\1  oxide  pov.der,  nd 

o*her  che.Tiic'  l exh-'ustr.  Other  than  there  it  c<-n  ; Iro  he 
atMi-'ed  ir  the  follov. inp  rrear: 

. -lectroetr  ti c t' r retr.ov  1 

■_’he  impuritier  such  r.r  tar,  c.rphrlt,  etc.,  ir.  the  corl 
rr  r.  c?.r  be  rerr.oved  to  cler  r the  Pipeliner.  The  purification 
efficiency  c' n be  up  hiri’-  99  ' • 

?.  retroleum  dehydration 

"'he  v,T  ter  content  in  the  crude  oil  exintinr  ir.  a milky 
form  can  be  pep;. rated  for  the  convenience  of  transport, 

extraction  .'.nd  export.  The  water  content  in  the  electro- 
statically dehydrated  crude  oil  is  less  than  0.02%,  which 
exceeds  the  export  standard. 
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:iectrort.-itic  p.-  int  rpr- y 


y ur-'inp  tho  offectr;  of  rt;  tic  field,  pcint  p.  rticler 
c 

(Z  n l o v;  porii  ed  ;-.nd  uniformly  cor.ted  onto  the  nurf..  ce  of 
the  procerced  component^' . Thi  r technique  r.ot  only  uprr;  dee 
the  qu'lity  of  the  cpr.  y,  h/t  l.'o  preventc  the  toxic  v'.porr 
of  benzene,  ; cetone,  etc.  from  •ccf'p^r.p  into  the  n.ir,  '-r  d 
cor.r-erves  the  rev;  materinli? . 

Elec-tror-t;.  tic  1;  man;  tion  ;'nd  r’ lipn.m.er  t of  wood  fiberr- 

Tn  the  production  of  fiber  bo,-rde  ; nd  prer  red  tonrdr, 
rtronr  electroet.  ti  c field  a n be  ured  to  pol;  rize  the 
fiber?  ;.j;d  the  v ood  chip,-;  to  li  up  the  m;  teriul  in 
different  direction  ;-o  that  the  r-trenpth  of  the  v.-oodbo  rdn 
c;  n be  pi'eatly  er.h;.nced.  Eom.etim.er  the  etrenrth  ro 
chieved  ir  rtronper  th  r.  that  of  the  woodbo;  rd  ;-nd  prerred 
I'miinrvte  board?.  The.ee  product?  .ere  :.r  pood  ;•?  the  olartic 
material  in  mr^ny  acpectr.  For  lumter  inductry,  thir 
technique  can  minim.ize  the  vood-chip  duct.  It  car.  alro  be 
;’T)T)lied  to  mar.uf'  cture  Irm.inuted  product?  vit},  l;.yer«'  of 
different  rizes  of  fiber?.  It  can  produce  ver.v  hiph 
quality  decorr.ti  on  board?  with  a very  fine  ?urf.  ce. 

5.  Electrostatic  separation 

I’lectrostati c techniques  can  be  employed  to  Bep;-rate 
p-rticles^accordinp  to  their  sizes,  masse?,  water  content, 

■■  nd  qualiti  e?7|[^^p>to  diffei^nt  cateporie^  For  ex.  mple,  it  can 
be  applied  to  classify  ores,  vvood  fiber?,  tea  leave.s  nnd 
tea  petiole^.  This  technique  is  also  extended  to 

other  application?  such  as  electrostatic  sand  blastinp, 
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continf,  comhinfr,  velvet  impl.-.ntinf',  etc.  v/e  Relieve 
th:  t in  the  heifht  of  leurninr  the  theories  of  prole- 
te.ricr.  n’.ono'  6'’y  r.nd  carrying'  out  the  Socialirm,  the  ancient 
static  electricity  can  definitely  contribute  in  many 
ways  to  the  construction  of  the  focia.list  enterprises. 
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